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We have established recently a series of unique .cell 
lines (NS series) from dispase-separated mouse epi-
dermis that promote the growth of epidermal-de-
rived antigen-presenting cell lines (XS series). The 
purposes of this study were to determine the identity 
of NS cells and to characterize their functional 
properties. NS cells were distinguishable from leuko-
cytes by the lack of typical surface markers and by the 
;> failure to respond to leukocyte growth factors. De-
spite their epidermal derivation, NS cells were 
• distinct from keratinocytes by the absence of cyto-
keratins. On the other hand, NS cells were indistin-
guishable from lines of dermal fibroblasts by their a) 
morphology, b) surface phenotype, and c) intracellu-
lar deposits of type I collagen. Growth of the XS 
antigen-presenting lines has been promoted by co-
• culturing with ")'-irradiated NS cells, and this activity 
1 could be replaced with NS cell-conditioned media 
M urine epidermis contains two distinct resident leukocyte populations, Langerhans cells (LC), professional antigen- preset.lting cells of the den-dritic cell (DC) lineage (reviewed in [1-3]), and dendritic epidermal T cell s (DETC), members 
of the epithelial tissue-type y8 T -ceU fa mily (reviewed in [4-6]) . 
Extensive studies by Schul er, Steinman, and their coworkers have 
es tablished the concept that cytokines secreted by epidermal kera-
tinocytes sustain the survi va l and activation of resident LC. Specif-
< ically, keratinocyte-derived granulocyte / macrophage colony-stim-
ulating facto r (GM-CSF), interleukin-1 (IL-l), and tumor necrosis 
fac tor-a (TNFa ) play unique roles toward the survival, growth, 
and/or maturatio n ofLC ;, 11itro [7-12]. In similar studies, we have 
reported that lL-7 produced by keratinocytes promotes the survival 
and growth of DETC [13, 14]. Thus, it appears that keratinocytes 
facilitate the epide rmal residence of these two populations through 
, the elaboration of cytokines. 
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alone, but not with paraformaldehyde-fixed NS cells. 
Each clone derived from the NS01 line secreted XS 
cell-growth-promoting activity, and this activity was 
blocked by monoclonal antibodies against colony-
stimulating factor-1 receptors. Dermal fibroblasts 
also promoted the growth of XS cells in a colony-
stimulating factor-1-dependent manner. By con-
trast, culture supernatants from other cell lines de-
rived from skin (e.g., Pam 212 keratinocytes, 7-17 
dendritic epidermal T cells, or XS lines) failed to 
promote XS cell growth. These results indicate that 
NS cells belong to the fibroblast lineage and that they 
share the intrinsic property to secrete large amounts 
of colony-stimulating factor-1 with dermal fibro-
blasts. Dermal cells may support the growth of skin-
associated antigen-presenting cells i11 vi11o. J ltwest 
Dermatol 105:225-230, 1995 
Emphasis on cytokines derived from the epidermis is now shifting 
to include cells not normally associated with that tissue . For 
example, N akagawa and co-workers ha ve recently established 
fibroblastic cell lines from murine epidermal specimens; these ljues 
promote the growth of DETC by secreting IL-7 (15 ,16]. T his 
finding is unique and unexpected beca use it identified a cell 
ordinari ly associated with the dermis in supporting the growtl1 of 
epidermal leukocytes . At the same time, we established a series of 
long-term DC lines (XS series) fi·om mouse epidermal cell prepa-
rations, lines that resemble resident epidermaJ LC quite closely 
(17,18]. Of importance, w e established in p araUel a second series of 
lines (NS series) that supported the growth of XS lines by e labo-
rating colony-stimulating factor (CSF)-1 . T hese cells a) were 
derived from "epidennal" cell preparations, b) exhibited fibroblas-
tic morphology, and c) supported the growth of epidermal DC by 
secreting CSF-l [17]. * The purposes of the current experim ents 
were to determine their identity and to characterize their functionaJ 
properties. 
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MATER.lAl.S AND METHODS 
XS and NS Lines Methods for establishing XS ~nd NS lines have been 
described previously [17]. Briefly, specimens of body wall skin excised from 
newborn BALB/c mice were treated with 0.5% dispasc to separate the 
epidermis as intact sh eets. Subsequently, the epidermal sheets were disag-
grcgntcd w ith trypsi.n ;tnd then cultured in comp lct<: RPM! [19] supp le-
mented by 5 ng/ml murine rGM-CSF (Gibco BRL, Grand Island , NY) and 
culture sup<:matant (l oo;,, v/v) f.rom Pam 212 keratinocytcs. Passages were 
made by collecting the nonadheren t a11d loosely-adherent cells that were 
released by pipctting. 
After 4 to 6 weeks. two distinct cell populations emerged within each 
cu.lture: CD45 + , round or dendriti c cells (i.e., XS cell s) and CD45 - , 
fibroblastoid cells (i.e. , NS cells). When these cultures were exposed to 
0.15% trypsin /1 mM ethylenediami~tetetraacetic acid (EOTA) for 15 min at 
37°C, only the trypsin-sensitive NS cells were released , permitting these XS 
and NS cell populations to be expanded independently th<:reafter. NS cells 
were cultured in complete l~PMI alone, and XS cells were expanded in 
complete RPMl in the presence of rGM-CSF (1-2 ng/ml), Pam 212 
supernatant (10%) and the supernatant from the NSO'l line (NS supernatan t) 
(10'Vu). 
T he NS01 line was cloned by Jjmiting dilution microculture, as described 
before (19]. Briefly, cells were p laced at 0.5 cells/well onto flat-bottom 
96-well plates and cultm·ed in complete R.PMI in tl1e absence of added 
growth factors or feeder layers. Cells were harvested by a 2-min incubation 
with 0.15'V.• trypsin/1 mM EDTA and passaged routinely at 1:3 to 1:10 
expansions. 
Other Cell Lines A dermal fibroblast Jjnc (OFB) was established from 
dispase-separated dermal portions of newborn BALB/C trunk skin by a 
conventional explant tissue culture method. Briefly, dermal ti ssues were 
placed on six-well plates, shielded with a cover glass and fed with complete 
R.PML After 7-10 d , cells tl101t had grown out were harvested by 0.15% 
trypsin/EOTA and passaged to culture flasks. As cell type-specificity 
controls, we used the a) Pam 212 line derived from BALB/C mouse 
ker:1tinocytcs (20]; b) 7-17 line de rived from OETC in AKR mice (21] ; and 
c) 3T3 fibroblast line (American Type C ulture Collection, Rockville, MD). 
T hese lines were mail1tained as described previously [13,22]. 
Flow-Cytometric 1\.nalysis To assess surface phenotype, NS cells were 
ha rvested by a 2-min incubation with 0.15% trypsin in Oulbecco's phos-
phate-buffered saline (PBS) and then sta ined with a panel of monoclonal 
antibodies against lell.kocyte ma:rkers. These antibodies were purchased 
from Phanningen (Sao Diego, CA), Sigma (St. Louis, MO), or Becton 
Dickinson (MountaiJ1 View, CA) or were kindly provided by Or. J. Allison 
(University of Califomia, Berkeley) Qr Dr. E. Vitetta (UT Southwestern, 
Dallas). To examine surface exptcssion of CSF-lR exp•·cssion, XS cells 
were harvested by pipctting and stained with rat monoclonal antibody, 
2E-11 , against mouse CSF-1 R [23], which was a generous gift from Or. G. 
Gi lmore (Western Pennsylvania Can.cer Institute, Pittsburgh). For each 
antibody, an isotype-t)latched lgG Was used as a control. Samples were 
analyzed using a FACScan as described previously (19). 
Immunofluorescel'lce Staining for Type I Collagen and Keratin 
Cells cultured on Lab Tck Chambers (Nunc lnc., Naperville, JL) were fixed 
witl1 3'!1,, pa.raformaldehyde in Dulbccco ' s PBS for 20 min at 4°C, perme-
abilized with 0.1 % Triton X-100, a.nd incubated with 1'Yu bovine serum 
albumin in P.BS ( + ). Subsequc11tly, cells were stained with rabbit antisera 
against mouse anti-type I collagen (Chernicon International Inc. Temecula, 
CA) or rabbit antiser~ against buma.n cytokera"tin (DAKO, Carpente,;a, 
CA), fo llowed by staining with fiourescein isoth.iocyanate (FITC)-conju-
gatcd secondary antibodies. Samples were examined and . vhotographed 
under a fluorescence microscope. 
Growth Factor Requirement NS ce lls (3 X 103 cells/well) were 
cultured in Rat-bottom 96-wcllplatcs with each of23 different cytukines (10 
ng/ml). These cytokines were pll.Tchascd from R&D Systems (MinncapoJjs, 
MN), Gibco DIU (Grand Island, NY) , or Upstate Bioteclmology (Lake 
Placid, NY). Their biologic activities at 10 ng/ml have been confirmed 
previously in other assays f1 3, l4 ,18,24] * 
CSF-1 Bioassay Culture supernatants co!Jected from various cell lines 
were examined for CSF-1 bioactivity using XS20 cells as responder cells. 
XS20 (1 X 1 O'' cells/well) were c ultuted in round-bottom, 96-well plates in 
the presence of test supernatants or rnur:ine rCSF-1 as a standard. Antimousc 
CSF-1 R, 2E-'J 1, or isotypc-matched control rat lgG was also added to 
establish CSf-1-specificity. C ultu res were pulsed with 3H-thymidine on 
day 4 and harvested o n day 5, as described previously [17). 
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Table I. Surface Phenotype of NS and Other Skin-
Derived Cell Lines 
Surface 
Molecule NSOl DFB 3T3 Pam212" 
C045 
Thy-1 
CD3 
CD4 
CDS 
aj3-TCR.t 
-y8-TCR 
13-220 
Ia 
B7-1 
B7-2 
CD11a 
CD18 
C016/CD32 
C044 
CD 54 
-" 
676 
280 
33 
196 
41 
21 
30 
245 
61 
25 
21 
1
' Sun1marizcd tiom our previous observations l17) . 
h Negative. 
23 
8 
XS52" 7-17" 
72' 277 
980 
197 
1444 
79 
27l 
491. 
104 89) 
386 238 
377 
311 214) 
222 450 
r Number indicates the 1:1 mean Huorcsccncc intensity = mean Auor~scen cc intcusi(\, 
(spccifac monoclonal antibody) - mean fluorescence iJJ[cnsity (isotypc-rnacche~ 
control monocl ono l ontibody) . 
"TCR, T -cel l receptor. 
RESULTS 
Identity of NS Lines We first examined the surf."lce phenotype 
of NS01 cells using a p anel of monoclonal antibodies and fiuo, 
roscence-activated cell sorter (FACS) analysis. As revealed i.Q 
Table I, they lacked the expression of CD45, the common. 
le ukocyte antigen. Despite of the expression of Thy-1 antigen., 
other T-cell markers w ere absent (e.g. , CD3, CD4, CDS, or cx{3 OJ: 
yo T-cell receptors). They also did not express B- cell markers (la or 
B - 220), or markers for DC and/or macrophages (Ia or CD16/ 
CD32). A second line, NS47 , showed virtually the same surface 
phenotype (data not shown). Therefore, NS cells were distinguish-
able from le ukocytes by their su.rf."lce phenotype. 
For comparison, we have summarized in Table I our previous 
d ata for the phenotypes of three other Jines derived fi·om the 
epidermis, Pam 212 keratinocytes, XS52 cells, and 7-17 DETC 
[17). It is evident that NS cells are also phenotypically distinct from 
each of these lines . Interestingly, B7-1 was present in large amounts 
on NS cells, whereas B7-2 was totally absent. B7-1 expression by 
NS cells (and other fibroblast lines) most likely reflects influence o f\ 
i11 11itro culturing, because we failed to detect B7-1 on denna} 
fibroblasts i11 situ or on fibroblasts freshly procured from skin (data 
not shown). By contrast, the antigen-presenting XS lines expressed 
B7-2, but not B7-1.. We also stained two fibroblast lines in parallel, 
the DFB line derive d from the dermal portion of newborn mouse 
skin and the 3T3 fibroblast line . Of note, the phenotype ofNS cells 
was virtually indistinguishable from both of the lines. Thus, by 
surface phenotype NS cells resemble fibroblasts quite closely. 
We next examined growth factor requirements for NS cells. As 
note d in Fig lA, NS47 cells exhibited minimal 3 H - thymidine 
uptake in the absence of fetal bovine serum (FBS), whereas they 
incorporated 3 H-thymidine significantly when supplemented with 
FBS. Tn dose-dependency experiments, proliferative responses 
reached a plateau at a FBS concentration of 3%. FBS-mediated 
proliferation of NS47 cells was not further enhanced i.n a remark-
able manner by known growth factors forT ceUs (IL-1, lL-2, IL-4, 
or IL-7), B cells (IL-6 or IL-7), natural killer cells (JL-2 or IL-1 2), 
DC (IL-l, TNFa:, or GM-CSF), or monocytes/macrophages 
(CSF-1) (Fig lB). Modest influences seen with selecte d cytokines 
(e .g., IL- 4 and le ukemia inhibitory factor) most likely represent 
experimental noise , because we were not able to reproduce them. 
Similarly, NS01 and DFB lines both proliferated maximally i11 the 
presence of 3% to 6% FBS, and they failed to respond to any of 
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Figure 1. NS cells do not respond to conventional leukocyte 
growth factors . NS47 ce ll s (3 X 103 ce lls/we ll ) were cultured in 
96-fl at-bottom weU-plates with the indicated concen trations of FBS alo ne 
(A) or w ith 1 O'X, FBS together with each of 23 d ifferent cytokines (10 
ng/mJ) (B). C ul tures were pulsed with 3 H-thymidine and harves ted on day 
4. Data shown is one set of representative results (means ± SEM from 
triplicate cul tures) from three independent experimen ts. 
these cytokines (data not shown) . O ur results do not indicate in any 
way that N S cells cannot respo nd to these cytok:ines under other 
condition s, such as in the absence of FBS. Howeve1·, these results 
do indicate tha t NS cells are also distingui shable from le ukocytes by 
th eir growth-factor requirements. 
Because N S lines were derived origin ally fi·om an "epidermal cell 
preparation ," we exam.ined w hether they might represent an 
unusual subset ofkeratinocytes . As shown in Fig 2, cytokerati.n was 
not detectable in NS47 cell s, whereas it was present in large 
amou nts and in a filamentous pattern in Pam 212 keratinocytes. By 
contrast, N S47 cell s, bu t not Pam 212 keratinocytes, con tained 
large numbers of type 1 collagen deposits within the cytoplasm . Of 
importance, N S47 cell s were indistinguishable fi·om DFB cells by 
the intensity or pattern of staining with an ti-type I coll agen 
antibodies. Taken togethe r, these observations suggest strongly that 
NS cells belong to the fibroblast li11eage. 
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F igure 3. ')'-irradiate d NS cells promote the g rowt h of XS cells. A, 
XS20 cells (1 X 1 o·• cells/well) were cul tured in 96-flat-bottom well-plates 
by th emselves (circles) o r co-cultu red with ')'-irrad iated (2000 rad) NSOl ce ll s 
(3 X 1 O' cells) (tria11gles) for the indicated periods. B, XS20 ce lls were 
cul tured for 5 d with the indicated numbers of ')'-irradia ted NS4 7 cells. 
Y-ax:is indicates the 3 H - thymidine up take by XS20 cells, as calculated by 
the form ula: C.cpm = cpm (XS20 cell s p lus NS ceUs) - cpm (NS cells 
alone). The background "H-thymidine uptake by y-irradiated NS cells 
alone was < 1800 cpm (A) and < 1300 cpm (B). Data shown is o ne set of 
representative resu lts (mean ± SEM from trip ljcate culmres) from two 
cxperin1cnts. 
Capacity o f NS Cells to Promote the Growth of XS Cells 
Success in generating XS lines was made possible by the use of 
culture supernatan ts fi·o m NS ceUs, w hich were early "contami-
nants" of the XS cell cultures. We then o bserved th at removal of 
NS ceUs substanti ally reduced the growth of XS cells . T herefore, 
we examined whether we could resto re XS cell proliferation by 
addition of y-irracliated N S cells. As seen in Fig 3, XS20 cells in the 
absence of added factors showed li ttle 3H-thymidine uptake . 
Importan tly, y-irradiated N S01 cell s supported the growth ofXS20 
cells continuously, as measured by 3 H - thymidine uptake (Fig 3A). 
Likewise, y-irracliated NS47 cells, a second line, promoted, in a cell 
number-dependent f.,shion , the growth of XS20 cells (Fig 3B). 
These results indicated th at NS cells promote the growth of XS 
cells by secreting a so lu ble growth f.,ctor(s) and/or by providing 
mitogenic stimuli through mem brane-associated molecules . 
Tn the next experimen t, conditioned m edia of NSOJ cells, but 
not ofPam 212 keratinocytes, replaced y-irradiated ceUs for the XS 
cell-growth promoting activity (Fig 4A). By contrast, parafonnal-
dehyde-fixed N SOJ cell s f.,i ]ed to support the growth of XS cell s. 
T hus, it appeared that a soluble £actor secreted by NS ce!Js is 
Pam 212 
Figure 2. NS cells include type I collagen but not 
cytokeratins. N S4 7 cell s, dermal fi b roblasts (DFB), 3T3 
ce lls, or Pam 212 kcrati nocytes were culwred in .Lab Tek 
Chambers for 2 d. CeUs were fixed with paraformaldc-
hyde, penneabiljzcd with Triton X-1 00, and then stajned 
with anti sera against cytokeratin or type l collagen , o r 
with preimmune rabbit serum . Origin<~! magnification 
was X160. 
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Figure 4. NS cell conditioned media 
but not prefixed NS cells support the 
growth ofXS cells. A, XS20 cells (l X 10'1 
cells/well) were cultured with culture super-
natants (SO'Yo v/v) from NSOl or Pam 2:12 
cell s, or cul tured with paraformaldehydc-
fixcd NSOJ or Pam 21.2 cell s (1 X lO'' 
cells/well). B, NS cells were cultured fo r 2 d 
at the indicated cell densiti es , and culture 
supernatants were then added (33'Y,,) to the 
XS20 rnicrocultures. Data shown arc the 
mean ::': SEM (n = 3) of the 3 1-l-thymidine 
uptake on day 5. 
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responsible for their XS cell-growth-promoting potential. Secre-
tion of a re levant growth factor occurred in a cell number-
dep endent fas hion, with 1 X 105 cells / ml producing m axim al 
activity (Fig 4B) . 
Constitutive Secretion of Large Amounts cf CSF-1 W e 
have repo rted previously that CSF-1 is responsible for the XS 
cell-g rowth-promoting activity secreted by NS cells, based on the 
ability of anti-CSF-lR monoclon al antibody to block comple te ly 
t he NS supernatant-driven proliferation of XS cell s. * Those exper-
iments, h aving b een conducted using bulk NS cells that were 
iso lated from XS ce lJ cultures by virtue of differential sensitivity to 
trypsin, failed to address two critical questions: l) Do only a small 
fractio n ofNS cells secrete CSF-1? 2) Does CSF-1 secretion by NS 
cells occur constitutive ly or does it re quire stimuli from the possibly 
con tamin ati11g XS cells? To address these ques tions, w e cloned 
NS01 cells by limitin g dilution and exanuned CSF-1 secretion. As 
noted in Fig SB, each of f1ve clones de1;ved fi:om the NS01 line 
secreted potent activity in promoting the g rowth of XS cell s, and 
an ti-CSF-1 R antibo dies blocked tlus activity almost comple tely. 
Each clone secreted greater than 20 ng/ ml CSF-1 activity, as 
estimated from the rCSF-1 standard (Fig SA). These clones were 
indistinguishable from the parental NSOl lin e not o nly by their 
capacity to secrete CSF-1, but also by their morphology and surface 
phenotype (data not shown). Based on these observations, we 
concluded tha t the vast majority ofNS cells are capable of secre ting 
rel atively large amounts ofCSF-1 activ ity, and that CSF-1 secre tion 
occurs in the comple te absence of contanuna ting cell s. 
We next exanuned the cell-type specificity for CSF-1 secretion; 
Figure 5. CSF-1 production at 
clonal levels. NS01-deri ved clones 
or the parental NS01 line were cul-
tured at 'I X 10'' cclls/ml for 2 d, and 
cul ture superna tants (33'!1,, v/v) were 
then tested for CSF-1 bioactivity (B). 
As controls, XS20 cells were cultured 
with the indicated concentrations o f 
murine rCSF-·1 (A). To establish 
CSF-1-spccificity, anti-CS F-1 mono-
clonal antibodies (3 !J.glml) were 
added to some cultures. Data repre-
sent 3 H-thymidine uptake (m<!an ::': 
SEM, n = 3) on day 5 with no 
antibody (circles or opc11 bnrs) , anti-
CSF-1 R. (sq 11 nres or closed l>ars) , or 
contro l lgG (trin11sles or stripetl bnrs). 
,;) 
I 
0 
:; 30 
E 
a. 
$ 
., 
:S 20 
a. 
:::J 
., 
c 
'0 
·E 10 
~ 
:c 
~ 
A 
2 4 6 B 
CSF-1 Cone. (ng/ml) 
eight different cell lines de1;ved fi·om mouse skin were cultured at 
the same cell den sity, and culture supernatants were th en examined 
for CSF-1 bioactivity . Once again , supernatants ofNS01 and NS47 
Lines contained Large amounts of CSF-1 activity (Fig 6). Of note, 
signifi cant amounts of CSF-1 activity were also secre ted by DFB 
cells and by 3T3 cells, whereas little , if any, activity was de tected in 
cu ltu re supematants of Pam 212 keratinocytes, 7-17 D ETC, or XS 
lines. T hu s, we concluded that CSF-1 secretion occurs primarily in 
ce!Js of the fibroblast lin eage . 
DISCUSSION 
We have demonstrated in these studies that NS cells be long to the 
fib roblast lineage. First, they were virtua!Jy indistinguishable fron1 
dem1al-de rived fibrob lasts by their a) morphology (spindle shape), 
b) surface phenotype, c) inclusion of cytoplasmic, type l collagen , 
and d) production of CSF-1. Second, NS lines were distinct from 
leukocytes by their surface phenotype and by th eir g rowth factor 
requirement. Fina!J y, despite their derivation from "epidermis," 
NS cells were distinguishable from other epidermal cells (i .e . , 
keratinocytes, LC, and DETC) by their surface phenotype, absence 
of cytokeratins, and capacity to produce large amounts of CSF-1 . 
NS cells frrst emerged as "contaminating" cells in our epidermal 
DC lines (i. e ., XS series); each of 55 different XS lines establish ed 
independently was contaminated by NS cells [17] . The beneficial 
properties of NS cells did not b ecome apparent until they were 
removed , at wluch point the XS cells stopped dividing. We have 
demonstrated in the present study that XS ce.ll growth is, indeed, 
promoted by co-culturi11g with )'-irradiated NS cells. Of note, tlus 
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" Figure 6. Cell type-specificity for CSF-1 secretion. Different ce ll 
Jines were cultured at 1 X 106 ce lls/ml for 2 d, and culture sup ernatants 
(33% v/v) were then tested for CSF-1 bioactivity in XS20 cultures. To 
establish specificity, a nti-CSF- 1 or con trol antibodies (3 fLg/ml) were added 
to some cultures . Data represent 3 H-thymidinc uptake (mean ± SEM, n = 
3) on day 5. 
growth-promoting activity could be replaced by NS culture super-
natants but not by para formaldehyde-fixed NS cells , indi cating that 
a soluble, secreted f:tctor is responsible. 
With respect to the identity of the NS factor, we have reported 
previously that a) NS lines express large amounts ofCSF-1 mRNA, 
b) XS lines exp1·ess cell surf.1ce CSF-1R, c) recombinant CSF-1 
mimics NS supernatants in its ability to promote XS cell growth , 
and d) NS supernatant-dt·iven pro liferation of XS ce lls can be 
blocked almost completely by anti-CSF-1R monoclonal antibod-
ies. * We have observed in the present study that a) all clones 
derived from the NS01 line secreted large amounts of CSF- 1, b) 
CSF- 1 secretion did not require the presence of XS cells or other 
cell types, and c) dermal fibroblasts also secreted large amounts of 
CSF-1 , whereas epidermal cell lines did not. Taken together, it is 
now evident that ski n-derived fibroblasts possess an intrinsic prop-
' erty to produce constitutively large amounts of CSF-1. Secreted 
CSF-1 may, in turn, support the survival, growth, and differentia-
tion of skin-associated antigen-presenting cells , which most likely 
incl ude dermal macrophages, dermal DC, and epiderma l LC. 
Chodakewitz et nl (25) have reported previously that Pam 212 
keratinocytes express CSF-1 mRNA (measured by Northern blot-
ting) and secrete CSF-1 bioactivity (bioassay using BAC1.2F5 
cells). On the other hand, we fail ed to detect CSF-1 mRNA 
expression (Northern blotting) * o r secretion of CSF-1 bioactivity 
(bioassay using XS20 cells) by our own representatives of that lin e. 
This discrepancy may simply reflect differences in the sensitivities of 
assays. Because large amounts ofCSF-1. were produced by NS cells, 
a short exposure was sufficient to observe CSF- 1 mRNA in 
Northern blotting, and enrichm ent procedures were not required to 
detect CSF-1 activity in NS culture supernatants. On the other 
hand, the same assays were employed for Pam 212 cells, and they 
may not have been sensitive enough to detect relatively small 
an10 Unts of CSF-1 activ ity. Consistent with tlus possibility is the 
Northern blotting data from Chodakewitz cl nl in which expression 
levels of CSF-1 mRNA were quite modest in Pam 212 cells 
compared to the high level seen in L929 fibroblasts. Therefore, it 
appears reasonable to conclude that fibroblasts are substantially 
more potent than kcratinocytes in their capacity to produce CSF-1. 
NS cells were deri ved from the cells that accompanied the 
epidern1is after whole skin was treated with dispase and then 
separated m echanica lly. It is clearly established that sepa ration 
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occurs with this procedure primarily at the dern1oepidermal junc-
tion [26], through the specific digestion of fibronecti n and type IV 
colJagen (27) . However, this does not necessm·ily mean that the NS 
progenitors reside within the epidermis. Rather, because fibroblasts 
have never been identified within the epidermis, we prefer the 
possibility that they are derived from fibrob lasts that reside near to 
the dennoepidcrmal junction. In fact, Nakagawa et nl have estab-
lished from m ouse epidermis similar "fibroblastic" lines (15). 
Interestingly, tl1eir cell lines support the growth of DETC by the 
elaboration of IL-7 (16). As aJ1 aside, our NS supernatants did not 
support the growth of our 7-17 DETC line (18) and we could not 
detect IL-7 activity in NS supernatants (Schuhmachers and 
Takashima; unpublished observation), making our cells quite dif-
ferent . One possible explanation for this difference is that our NS 
lines are derived from newborn skin , w hereas N akagawa ct a/ 
established their lines from adult skin. Alternatively, tl1e continuous 
presence of GM-CSF and/or XS cells may have caused a selective 
expansion of a special subset of fibroblasts. Nevertheless, these 
unique cutaneous fibroblast cell lines give rise to an attractive 
hypothesis that at least two distinct fibroblast subsets reside in close 
contact with the dermoepidermal junction. One is speci;tlized to 
support the residence ofDETC and the other is there to support the 
generation and maintenance of an epiderma.l DC net\ovork. Obvi-
o usly, further studies wiU be required to test the validity of this 
hypothesis. 
T ltis work was mpportcd by National lustirures '!/'Heal/it gmurs ROt AR35068, 
ROt AR40042, ROt AR 41150, IPJO AR41940, aud !ty Mm1• Kay C osmerirs, 
l11c., rill' Dcmwrolog)' Fm111dnticm, rite C arl j. Her::o_~ Fo1111flatio11, tltc Lesrcr 1. 
Ccmrad Fo1111dario11 , rite Petry R. a11d NaiiC)' Lee Bass R escarrit F1111d, a11d rit i! 
Dctttsclre Forscllllllgsgemeiuschnft. 
111/e rlt a11k Dale Edelba11111 jor !tis rcclllliwl assista11Cl' a11d 1\1rs. Beuyja llcs.forlu:r 
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